This paper examines the effects of per capita gross domestic product (GDP), trade openness, and urbanization on the total carbon dioxide emissions of Ghana using time-series annual data from 1960 to 2014. The 55-year period, from 1960 to 2014, covered economic transformation of Ghana from a low-income agrarian country to a lower-middle income country. The analysis used the autoregressive distributed lag method of co-integration. The results showed that per capita GDP, trade openness, and urbanization all significantly influenced both long-run and short-run levels of carbon dioxide emissions in Ghana. However, increased trade openness led to reduced total emissions, while rising per capita GDP and increased urbanization both increased total emissions albeit at different intensity levels.
Introduction and Problem Statement
Economic development is a process aimed at achieving increasing per capita national incomes, reducing poverty, improving food security, and national nutrition quality (Mellor, 2017) . Economic growth is one key measure of a country's human development. However, the singular pursuit of economic growth objective is likely to exhaust a country's stock of natural resources. Unfortunately, this has been the trajectory for many economies in their pursuit to achieve economic growth by transforming renewable resources into non-renewable ones. Rapid industrialization, coupled with globalization and market integration, is characterized by negative externalities such as increased emissions of greenhouse gases, and production of non-degradable waste materials including nuclear wastes.
The pursuit of economic growth worldwide by human beings has resulted in rapid urbanization, industrialization and agricultural operations that are responsible for environmental degradation and pollution (Kijima et al., 2010) . Reductions in environmental degradation and pollution are a sine qua non for sustainable development of any economy (Khan and Ullah, 2019) . Among the greatest challenges facing humanity in the 21st Century is the extensive environmental degradation and pollution induced by increasing greenhouse gas emissions. Existing literature, (for example, those produced by Khan and Ullah 2019; Haigh, 2017; Li and Yang, 2016; Ramachandra et al. 2015; Abas and Khan, 2014; Gholipour, 2013; Karl and Trenberth, 2003) , suggests that that greenhouse gases (GHG) emissions underpin global warming and climate change. GHGs comprise; carbon dioxide, ozone, methane, nitrous oxide, and water vapour. However, carbon dioxide emission is the principal GHG and a major cause for climate change and global warming (Khan and Ullah, 2019) . The concentration of carbon dioxide emissions increased by 42% between 1990 and 2014 (Aung et al., 2017) . The significant increase of carbon dioxide concentration in the atmosphere is mainly as a result of combustion of fossil fuels, industrial production and large-scale tropical deforestation (Sokolov et al., 2017) . Time series on carbon dioxide emissions from fossil fuels go as far back in 1751 (Boden et al., 2011) . Over the last 150 years, anthropogenic activities have accounted for almost all the increase in carbon dioxide emissions (O'Neill et al., 2017; Minx et al., 2017) .
The main objective of this study is to examine the relationship between economic growth and total carbon dioxide emissions in Ghana based on evidence generated by the available microdata. The analysis is based on time-series annual data from 1960 to 2014 employing econometric analysis using the cointegration procedure. The effects of real GDP, trade openness, and the intensity of urbanization on total carbon dioxide emissions in Ghana are analysed. The rest of the paper is organized as follows: the next section, section two provides a brief description of the study area, Ghana. Section three provides the theoretical framework including the relevant literature review while the fourth section is devoted to the methodology employed by the study. The results of the study are provided in Section five. The final and the sixth component of the paper deal with the conclusions and some policy recommendations.
Profile of the Study Area
Ghana is an English-speaking nation state in West Africa with a population of about 30 million, growing at an annual rate of 2.5% based on projections of the 2010 Population and Housing Census (Ghana Statistical Service, 2013) . The country shares borders with Togo in the east, La Cote d'Ivoire in the west, Burkina Faso in the north, and in the south, the Atlantic Ocean. Agriculture is an important economic sector employing about 42% of the population and accounting for about 20% of the country's GDP over the last decade (2010 to 2019). The major export commodities of the country are based on natural resources. These are cocoa, gold and more recently crude oil, starting from 2011.
In particular, exports of crude oil and the production of natural gas have helped to accelerate economic growth over the last three years. The expansion of the Ghanaian economy coupled with rapid population growth and urban human settlement pressures, have led to a notable GHG emission increases from road transport, thermal electricity generation, biomass utilization for cooking and deforestation. Carbon dioxide remained the dominant GHG in Ghana and constituted about 66% of the total net emissions levels for 2016 (Ghana GHG Inventory Report 2019). The key drivers of GHG emissions in Ghana are; population growth, carbon-intensive economic growth and diversification, deforestation and road transportation, electricity generation and solid waste disposal. Road transport represents over 95% of all transport services in Ghana (Simons et al., 2018) . Further, over 70% of Ghana's major roads are occupied by vehicles that produce high amount of exhaust emissions (Adu-Kumi, 2012), thereby increasing the percentage of CO 2 in the air and decreasing the air quality. 
Theoretical Framework
Conceptually, as shown in Figure 2 , the natural environment was initially considered as indivisible and non-exclusive good, a pure public good, that is open to all human beings to use without any effect on the carrying capacity of the environment. This characteristic is exhibited from point O to point B. The use of the good by one individual does not diminish its quantity and quality to other human beings. Further, the marginal cost of providing any pure public good is zero. With the growing pressures on the environment due to increasing human activities linked to expanding economic growth, environmental resources have become congestion goods. Congestion goods are non-excludable and open to all human beings to use. However, positive marginal costs are incurred in accessing these goods. Congestion goods are illustrated in Figure 2 from point B to point C. The point C indicates the carrying capacity of the environment; at this point the environmental asset breaks down and is no longer available for use by human beings. Overtime, the environment has become increasingly congestible due to increase population growth rate, internal and external migration, economic activities related to domestic production and international trade. Prudent measures therefore ought to be put in place to sustainably manage environment resources, which are largely non-renewable. As countries pursue their economic growth agenda, they are expected to preserve environmental quality, and resources for future use to avoid intergenerational conflict (IGC) in pursuit of their economic growth agenda (Thampapillai et al., 2019) Introduction of rationing and market instruments is therefore an essential pre-requisite to making environment, which produces quasi-public goods, sustainable for use by both current and future generations with attention paid to management of revenues from these resources, equity, and income distribution issues related to poverty reduction. User cost of non-renewable energy resources for example coal and other fossil fuels, includes depletion of the resources, and the externalities imposed on society (Permian et al., 2003) . Even though demand for environmental quality, which directly relate to human health increase with increasing income level, environmental quality indicators do not decrease even at higher income level if environmental problem is as a result of externality (Bo, 2011) There is a need to embark on sustainable development and not selective policies which seek to address only poverty reduction. From literature, it is evident that a combination of growth and economic imperfections lead to environmental damage and unsustainable outcomes. For the specific case of Ghana, it is important to analyse the key drivers of emissions of greenhouse gases as a first step in deriving sensible policy measures to reduce total emissions and improve the quality of human life by enhancing sustainable development.
Methodology Including Data Sources
This study was conducted based on hypothesis that the levels of carbon dioxide (CO 2) emissions are influenced by trade openness (openness), the degree of urbanization (urbanprop), and per capita GDP (pcrgdp). The data used for the analysis were obtained from several sources. Specifically, the data on carbon dioxide emissions, trade openness and urbanization came from the World Development Indicators publication on Ghana produced by the World Bank. Data on per capita GDP were from Anaman (2018) Regression analysis as a statistical method was used to examine the relations between dependent variable and the three variables of interest. The use of regression for the study is consistent with existing literature in the area of environmental economics and international trade that have demonstrated an empirical relationship between the macroeconomy and environmental resource deployment (refer to works such as Grossman and Krueger, 1991; Selden and Song, 1994; Kohler M. 2013 , Mizra et.al., 2017 Mikaylov et al. 2018, Khan and Ullah, 2019) . The variables used in the econometric analysis are described in Table 1 .
The relationship between the actual production levels of carbon dioxide and the three variables of interest is expressed in the general production function as follows in Equation The log-linear version of the model was utilized for this study because it was superior to the linear version based on the basic econometric diagnostic tests and the power of the model measured by the R 2 . The unit root test was applied to each variable in the log-linear function to check the data for stationarity based on the augmented Dickey-Fuller test (ADF) (Dickey and Fuller (1981) , and the Phillips-Perron test (PP) (Phillips and Perron, 1988) , using the Time Series Processor (TSP) software (Hall and Cummins, 2009 ). The null hypothesis was that there was a unit root in the time series. The optimal lag length in the model was determined using a model selection criterion based on the Schwarz Bayesian Criterion, similar to the approaches used by Anaman and Mahmod (2003) , Junyi (2006) , Tiwari et al. (2013) , and Khan and Ullah (2019) .
Co-integration exists if all the variables in a model (both the dependent and independent variables) have the same order of integration (Engel and Granger (1987) . This study employed the autoregressive distributed lag (ARDL) method (bound testing approach) to check for a long-run relationship among the variables in the model. A good attribute of the ARDL method is that it can be applied to the model whether the variables are stationary or non-stationary; further it establishes a maximum of only one long-run co-integration relationship.
The ARDL approach used in this study employs a vector autoregressive (VAR) model that checks for the existence of a long-run relationship between carbon dioxide emission (dependent variable) and the independent variables (Openness, Urbanprop, and PCRGDP). The ARDL method involves the bounds test using a correctly specified model (Pesaran et al., 2001; Lewis and MacDonald, 2002; Anaman and Mahmod, 2003; and Khan and Ullah, 2019) .
For this study, the correctly specified ARDL model was determined by using different diagnostic tests. The Ramsey RESET test (Ramsey 1969 ) was applied to check specification of the model. In order to check whether the data are normally distributed, the Jarque-Bera test (Jarque and Bera 1987) was used. The Breusch-Godfrey serial correlation test (Breusch 1978; Godfrey 1978) tests was also applied to check that the ARDL model was free from the problem of serial correlation. Then the Langrange-Multiplier (LM) test was used to establish the presence or otherwise of the problem of heteroscedasticity (refer to Pesaran et al., 2001) .
The null hypothesis of the bounds test specifies that the coefficients of the lagged terms of the unrestricted error correction model are jointly equal to zero. 
Results
The results of the unit root tests are reported in Table 2 . For variables at the levels, most of the variables were non-stationary based on both the ADF or PP tests. However, using the first differences, three out of four variables were stationary based on the PP test. These three variables were LCO2, LPCRGDP and LOPENNESS. Hence these variables were integrated of the order I(1). The Urbanprop variable was the only variable not stationary based on its difference. With a combination of stationary and non-stationary variables using different levels of integration, the ARDL cointegration analysis is the ideal tool to derive the long-run relationships between the dependent variable and the independent variables (Pesaran et al., 2001) .
The estimated optimal ARDL function is reported in Table 3 . The bounds test confirmed that there was a valid cointegration relationship among the dependent variable and the three independent variables. The bounds test F value was 9.150; this was much greater than the 95% critical upper bound value of 4.656. Similarly, the bounds test W value was 36.600; and this value was much greater than the 95% critical upper bound value of 18.624. Hence both tests confirmed the rejection of the null hypothesis of no valid cointegration among the variables. The Ramsey RESET test confirmed that the model was correctly specified. There was absence of significant serial correlation based on the Breusch-Godfrey test. There was also no significant heteroscedasticity as indicated by the LM test. The power of the ARDL model was also very high with R 2 of 0.975 and adjusted R 2 of 0.972 (refer to results in Table 3 ). The long-run function derived from the estimated ARDL cointegration model are reported in Table 4 . The results showed that Trade Openness, Urbanprop, and PCRGDP were all significant in determining the levels of actual carbon dioxide emissions in Ghana. An increase in GDP per capita increases the level of total carbon dioxide emission as expected since increases in national income result in demand for capital goods such as road construction, transportation and others. This finding corroborates other studies conducted by Simons et al. (2018) and Adu-Kumi (2012) that road transport, which represents over 95% of all transport services, is the biggest contributor to total carbon dioxide emissions in Ghana.
Based on the results shown in Table 4 , increased openness led to decreased levels of total carbon dioxide emissions. This factor was due to the utilization of more efficient capital goods used in the construction and other industries. However, increasing urbanization led to increased total carbon dioxide emissions arising from the congestion in urban towns and increased use of transportation services and other sources of carbon-based energy in urban areas. This particular finding related to urbanization is similar to that obtained by Twerefou et al. (2015) for Ghana.
The estimated error correction term for the selected long-run relationship indicate that the error correction term (ECM) was statistically significant. The results of the ECM estimation are presented in Table 5 and indicated that trade openness had a significant negative effect on total carbon dioxide emissions in the short-run period. However, for the same short-run period, urbanization and rising per capita GDP significantly increased the total carbon dioxide emissions. The value of the parameter of error correction term U t-1 was -0.741 and was statistically significant. This meant that about 74% of the discrepancy between the actual value of the dependent variable and the long-run value would be eliminated each year. The statistically-significant error correction term also confirmed that there was a valid cointegration function among the variables. 
Notes
Sample size 55 R 2 0.418*** Adjusted R 2 0.371*** F value 8.809*** * denotes 10 percent statistical significance **denotes 5 percent statistical significance ***denotes 1 percent statistical significance
Conclusion
The findings of the research established that for both long-run and short-run periods, the levels of carbon dioxide emissions in Ghana were influenced by trade openness, proportion of population living in urban areas and Gross Domestic Product per capita over the period, 1960 to 2014. Increased trade openness led to decreased total emissions while increasing urbanization and rising GDP per capita increased total emissions. Rising GDP per capita leads to increased average wealth of the country, which then fuels increasing households' consumption demand for luxury goods. For example, the use of private vehicles and increased use of more luxurious residential accommodation by wealthier people lead to increased carbon dioxide emissions.
Further, as more people migrate from the rural areas to urban centres in search for high-paid jobs, increased emissions occur. This phenomenon is due to the increased use of non-renewable resource such as fossil fuels for transportation vehicles affordable by the teeming low-income people. The build-up of carbon dioxide emissions from exhaust fumes of motor-vehicles has serious health implications. In several instances, pollution issues often fall outside the control of individual consumers and firms, therefore measures that deal with pollution, invariably involve some form of public policy interventions.
An important policy measure regarding the use of non-renewable resources pertains to modesty in consumption behaviour. Government should embark on mass transportation policy in the urban areas thus promoting cheaper and efficient public transport and imposing higher taxes on private transport. Metropolitan and Municipal Authorities to enact byelaws to encourage city greening, which could serve as carbon sinks in curbing and reducing greenhouse emissions. Strict enforcement of emission controls is critical to ensuring sustainable development.
